This paper studies a two-sector New Keynesian model that captures the hump-shaped response of non-durable and durable spending to a monetary shock when non-durable prices are sticky and durable goods are flexibly priced. Based on the estimated parameters, we show that habit formation and investment adjustment costs are not sufficient to generate the gradual response of non-durable and durable spending in this setup. We find that nominal wage rigidity and non-separable preferences between consumption and labor are also necessary to delay the peak response of non-durable and durable spending in the estimated two-sector New Keynesian model.
Introduction
A key feature of the monetary policy transmission is that each component of aggregate spending exhibits a gradual hump-shaped response to a monetary shock. The response of non-durable goods spending to an expansionary monetary shock reaches its maximal impact about one year after the shock rather than immediately. This empirical regularity has been emphasized in many studies using identified vector autoregression (VAR), including Christiano, Eichenbaum, and Evans (1996, 2005) and Leeper, Sims, and Zha (1996) . The inclusion of habit formation in the consumer's utility function to a standard New Keynesian model has been considered as the key to matching the hump-shaped response of non-durable goods to the monetary shock (see, e.g., Fuhrer, 2000) . Consumer durable spending and residential investment also exhibit a delay in the peak response to a monetary shock in recent VAR studies by Erceg and Levin (2006) and Monacelli (2009) . Christiano, Eichenbaum, and Evans (2005) show that the adjustment costs of changing investment are essential to a New Keynesian model to replicate the gradual hump-shaped response of investment to the monetary shock.
However, the success of the New Keynesian model on the spending side has been obtained in onesector models where all prices are equally sticky. In other words, previous New Keynesian models have successfully unveiled the source of the hump-shaped response under the assumption of symmetric price rigidity across sectors. Barsky, House, and Kimball (2007) stress the importance of allowing for differing degrees of price stickiness across sectors in a New Keynesian model. In particular, they demonstrate that the inclusion of flexibly priced durable goods dramatically changes the dynamics of the model in response to the monetary shock. Barsky, House, and Kimball (2007) present arguments for why durable goods role of non-separable preferences.
The rest of the paper is organized as follows. Section 2 presents our two-sector New Keynesian model with sticky non-durable goods prices and flexibly priced durable goods. Our model incorporates standard ingredients to generate the hump-shaped responses of non-durable and durable spending. In Section 3, we take our model to the data to determine the factors that account for the delayed effect of the monetary policy shocks observed in empirical studies. We estimate four different specifications and analyze which elements are quantitatively important for the hump-shaped responses. Finally, Section 4 concludes.
The Model
In this section, we extend the two-sector sticky price model of Barsky, House, and Kimball (2003, 2007) by incorporating habit formation in non-durable goods, durable investment adjustment costs, sticky wages, and non-separability between aggregate consumption and labor.
The economy is populated by a continuum of infinitely-lived households, an employment agency, a continua of firms in the two sectors that respectively produce differentiated non-durable and durable goods, perfectly competitive final goods firms in the two sectors, and a monetary authority.
Households
There is a continuum of households, indexed by i ∈ [0, 1]. Households are identical except for the heterogeneity of labor. Each household i is the supplier of its differentiated labor to the labor aggregator and has monopoly power over its own labor, and hence, it sets a wage for its differentiated labor.
The household receives utility from the consumption of non-durable goods, durable services, and leisure.
The household's current utility depends on current consumption relative to a habit stock determined by the household's own past consumption. The household also enjoys the service flow from durable goods and incurs the disutility of hours worked. Following the literature, it is assumed to be proportional to a predetermined stock of the durable goods.
2 Let C i,t and D i,t−1 respectively denote period t consumption of the non-durable goods and the predetermined durable stock, and let L i,t denote the labor supply. The typical household i maximizes the expected lifetime utility, given by
2 Without loss of generality, the coefficient of proportionality is normalized to 1.
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where β ∈ (0, 1) is the subjective discount factor, b t is a discount factor shock (intertemporal preference shock), and γ is the degree of habit in non-durable goods consumption. The intertemporal preference shock is a common ingredient in estimated DSGE models and follows the stochastic processes:
where ξ b,t ∼ N(0, σ 2 ξ b
).
We modify the conventional King-Plosser-Rebelo monetary utility function used by Basu and Kimball (2002) and Shimer (2009) to include the habit in non-durable goods, and the consumption of the service flow from durable goods. The specific form of U(·) adopted in this paper is
where Z i,t = ψ c (C i,t − γC i,t−1 )
η . Z i,t is a quantity index that aggregates the consumption of non-durable goods and durable services, and v(L i,t ) measures the disutility incurred from hours worked with v > 0, v > 0.
In Eq. (3), the degree of non-separability is controlled by a parameter for the intertemporal elasticity of substitution, σ. The lower this parameter is, the larger the non-separability displayed by the utility function.
The separable case, for instance, corresponds to σ → 1:
Purchases of new durable goods (i.e., durable investment) increases the household's durable stock according to
where durable investment adjustment costs are given by
Here, δ denotes the physical rate of depreciation. The function S(·) represents the adjustment costs incurred when the level of durable spending changes over time. We assume that S(1) = 0, S (1) = 0 so that there are no adjustment costs in the steady state and that κ ≡ S (1) > 0. Christiano, Eichenbaum, and Evans (2005) argue that this form of adjustment costs is better at replicating the hump-shaped response of investment in the one-sector sticky price model than the specifications in Lucas and Prescott (1971) , Abel and Blanchard (1983) , and Hayashi (1982) .
The household enters period t with the stock of private one-period nominal bonds B i,t−1 . During this period, the household receives wages, dividends paid by firms, and interest payments on bond holdings.
These resources are used to purchase non-durable and durable goods, to acquire assets to be carried over to the next period, and to pay the costs of adjusting nominal wages. Then, the household's budget constraint (in nominal terms) is
where the subscripts c and x denote variables that are specific to the non-durable and durable sectors, respectively. P c,t and P x,t are the nominal prices of the non-durable and durable goods, W i,t is the nominal wage rate, AC W i,t is the costs of adjusting nominal wages, Π i,t is the profits returned to the consumer through dividends, i t is the nominal interest rate, and r t is an exogenous premium in the return to bonds. We follow Kim (2000) by modeling nominal wage rigidity through the cost of adjusting nominal wages instead of applying the Erceg, Henderson, and Levin (2000) mechanism of Calvo sticky wages. The Calvo-style sticky wages complicate the solution of the model when preferences are non-separable between consumption and labor. However, wage adjustment costs are easily applicable regardless of separability.
In other words, the degree of heterogeneity across households resulting from differing labor supplies, which are due to non-separable preferences, is significantly increased once preferences are non-separable.
Each household would choose a different level of non-durable consumption, hours worked, and durable spending. To get around this issue, we adopt a quadratic adjustment cost of nominal wages, which allows for a symmetric equilibrium. The wage adjustment cost function is assumed to be quadratic and zero at the steady state. The nominal total adjustment cost for a household i is given by
where φ w is the wage adjustment cost parameter.
Finally, an exogenous premium in the return to bonds r t reflects inefficiencies in the financial sector leading to some premium on the deposit rate versus the risk free rate set by the central bank or to a risk 6 premium that households require to hold the one period bond. r,t follows the stochastic process: log r,t = ρ r log r,t−1 + ξ r,t ,
where ξ r,t ∼ N(0, σ 2 ξ r ).
Employment Agency
The employment agency purchases the differentiated labor input supplied by each household. A large number of competitive employment agencies combine this specialized labor into a homogenous labor input, which is sold to intermediate goods firms according to
Here, L t is the amount of the composite labor supplied by the aggregator, L i,t is the labor supply of household i and ε w,t is the elasticity of substitution.
The first-order condition for profit maximization yields the demand function of each household's differentiated labor:
where W i,t is the nominal wage of household i and W t is the aggregate nominal wage index.
The desired markup of wages over the household's marginal rate of substitution is defined as µ w,t = ε w,t ε w,t −1 and follows the exogenous stochastic process. As in Smets and Wouters (2007) , the process for µ w,t is assumed to be log µ w,t = (1 − ρ µ w ) log µ w + ρ µ w log µ w,t−1 + ξ µ w ,t − θξ µ w ,t−1 ,
where
Firms
We assume the existence of a continuum of monopolistically competitive firms, indexed by s ∈ [0, 1], which produce differentiated intermediate goods in each sector. A final good in each sector is produced by a perfectly competitive representative firm. The firm produces the final good by combining a continuum of 7 intermediate goods.
Final goods firms
The final good in each sector is aggregated by the constant elasticity of substitution (CES) technology:
where c t (s) and x t (s) are the quantity of intermediate goods s used as an input in each sector.
The elasticity of substitution of intermediate goods in sector j = c, x is ε j,t and µ j,t = ε j,t ε j,t −1 is the desired mark-up of price over marginal cost for intermediate goods firms in each sector j = c, x. The process for µ j,t is given by
A cost minimization problem for the final good producer in each sector implies that the demand for intermediate goods is given by
where p j,t (s) is the price of intermediate good s in sector j = c, x and P j,t is the aggregate price level in sector j = c, x. Finally, the zero-profit condition implies that the sectoral price index is expressed as
Intermediate goods firms
Intermediate good producers in each sector are monopolistically competitive. Each intermediate goods firm
produces its differentiated goods using the following production function:
where A t is an aggregate total factor productivity (TFP) shock, A x,t is a sectoral TFP shock in the durable goods sector, and l j,t (s) is the labor in firms s in sector j = c, x at time t. We assume that these aggregate and sectoral technology shocks follow the stochastic processes:
Intermediate goods firms are assumed to set nominal prices in a staggered fashion according to the stochastic time dependent rule proposed by Calvo (1983) . Each firm in sector j = c, x resets its price with the probability of 1 − θ j each period, independently of the time elapsed since the last adjustment. Thus, a fraction θ j of firms cannot re-optimize their prices and therefore set their prices following the indexation
where π j,t = P j,t /P j,t−1 . However, an intermediate goods firm resetting its price in period t in sector j = c, x will seek to maximize the present value of the expected future real profits generated while that price remains effective,
subject to the sequence of demand constraints (14). Here, γ j,t is the shadow value of the good produced in sector j and Π j,t /P j,t measures the real value of an intermediate goods firm's profit in sector j in period t. It is straightforward to show that the optimal reset prices in sector j = c, x, denoted as p * j,t , are
and
where ζ j,t is the nominal marginal cost in sector j. Finally, the equation describing the dynamics for the aggregate price level in sector j = c, x is given by
Symmetric Equilibrium, Market Clearing, and Monetary Authority
We assume a symmetric equilibrium to rule out potential multiple equilibria in which identical agents behave differently because of different initial conditions. In a symmetric equilibrium, each household is endowed with the same initial condition and makes an identical decision so that
and B i,t = B t .
In the equilibrium, the net private debt B t = 0 and the labor market equilibrium requires
where L j,t = l j,t (s)ds is the labor used in sector j = c, x.
The monetary authority conducts monetary policy using the short-term nominal interest rate as the policy instrument. The gross nominal interest rate R n t ≡ 1 + i t follows a Taylor rule of the following type:
) is a monetary policy shock, π t is an economy-wide inflation rate, and Y z t is the deviation of the real GDP from its steady state.
The economy-wide total output (real GDP) Y t is given by
where P t is the aggregate price index (GDP deflator). Following Erceg and Levin (2006) , we define the aggregate price index P t as
where ω c is the steady state output share of the non-durable goods sector. This aggregate price index P t is used to calculate the economy-wide inflation rate.
Bayesian Estimation
In this section, we will take our model to the data to determine the elements of the model that are important in delaying the peak response of non-durable and durable spending to the monetary shocks observed in empirical studies. To this end, we employ a Bayesian approach.
Data
In our estimation, we include the following seven observables, which are related to the model variables through the measurement equations as follows.
Here, variables with a hat are log deviations from the steady-state values.
Following Kim and Katayama (2013) , we define the non-durable consumption expenditure as the sum of non-durables and services, excluding expenditures on housing and utility, which are presumably necessary for enjoying the stock of durable goods. Durable consumption expenditure consists of consumer durable spending, housing and utility expenditure, and residential investment. Based on these definitions, we construct dc t , dx t , π c,t , and π x,t using data from the NIPA tables. The detailed procedures of constructing these variables are explained in the Appendix of Kim and Katayama (2013) .
We also retrieve the effective Federal funds rate ( percentage Federal funds rate is converted to a quarterly rate (decimal number) by dividing it by 400. We deflate the nonfarm business sector compensation per hour by the GDP deflator to get the real wage index.
The monthly population data are converted to quarterly data by taking the end-of-quarter observations.
All of these data are demeaned. The sample period is from 1959:Q2 to 2010:Q4. While we have seven observable variables, there are eight structural shocks in the model (aggregate and durable sector-specific technology shocks, a discount factor shock, a risk-premium shock, two price markup shocks, a wage markup shock, and a monetary policy shock). Thus, the stochastic singularity problem is not an issue here (i.e., the number of shocks is greater than the number of structural shocks).
Prior Distributions
Based on Barsky, House, and Kimball (2007), we impose the following parameter values to make our specification comparable to theirs. We use β = 1.02 −0.25 and δ = 0.0125, which makes the annual discount rate 2% and the depreciation rate 5% per year. We set η to 1, which corresponds to the Frisch labor supply elasticity when preferences are separable (i.e., σ → 1). The values of ε c and ε x are set equal to 11 so that the steady-state markup becomes 10% in both the non-durable and durable sectors. Finally, setting ω c = 0.75 results in the non-durable sector accounting for 75% of GDP in a steady state.
Furthermore, we set ε w = 7.67, implying a steady state wage markup of 15%. We impose the Calvo parameters such that we have a sticky-price non-durable sector and a flexible-price durable sector. Specifi-cally, we set θ c = 2/3 and θ x = 0. This corresponds to the case in which the comovement problem arises in Barsky, House, and Kimball (2007) . Iacoviello and Neri (2010) also assume sticky non-durable prices and flexible durable prices. Kim and Katayama (2013) find that in a very similar setup, the data decisively prefer flexible durable prices. Since durable goods are assumed to be flexibly priced, we set ι x = 0 so that there is no partial indexation in the durable sector. Table 1 summarizes the parameters to be estimated and the associated prior distributions. Unless otherwise stated, most of the prior distributions are adopted from Smets and Wouters (2007) . The prior distribution for 1/σ, which is an inverse of the intertemporal elasticity of substitution, is centered at 1.5. The prior mean for ρ, which is the elasticity of substitution between non-durable and durable consumption, is set to be 1.17 based on the GMM estimate and the corresponding standard error in Ogaki and Reinhart (1998) .
The habit parameter γ is assumed to be from the Gamma distribution with a mean of 0.7 and a standard deviation of 0.1. We set the prior mean of the durable investment adjustment cost ψ to 4 with a standard deviation of 1. The prior distribution for the degree of partial indexation for non-durable firms ι c is centered at 0.5 with a standard deviation of 0.15. We use the Gamma distribution with a mean of 50 and a standard deviation of 20 for the prior distribution for φ w . This prior is the same as the one employed in Gerali, Neri, Sessa, and Signoretti (2010), and when preferences are separable, this prior mean is translated to the Calvo wage parameter and has a value of 0.358. We assume that the persistence of the aggregate productivity shock is higher than that of durable sector-specific technology shock. The former has a prior mean of 0.7, and the latter is assumed to be 0.5, with a standard deviation of 0.2. For the monetary policy coefficients, we adopt the prior distributions used in Del Negro and Schorfheide (2008) and Guerron-Quintana and Nason (2012). The prior distributions for the persistence parameter for the remaining structural shocks are all assumed to be Beta distributions with a mean of 0.5 and a standard deviation of 0.2. We use the Inverse Gamma distribution with a mean of 0.1 and a standard deviation of 2 for the prior distributions for the standard deviations of the structural shocks.
Estimation Results
We estimate four different specifications to determine the role of nominal wage rigidities and non-separable preferences in accounting for the hump-shaped responses to a monetary shock. Table 2 presents the posterior distributions of the model parameters obtained from the random walk Metropolis-Hastings algorithm with 300,000 draws (the first 30,000 draws are discarded as a burn-in period) together with the prior means.
We set the scaling parameter such that the average acceptance rate is about 30%. The column labeled 13 Note: The numbers reported for the posterior distributions under different specifications are posterior means. The associated 90% probability intervals are reported in parentheses. The posterior distributions are obtained using the random walk Metropolis-Hastings algorithm with 300,000 draws (the first 30,000 draws are discarded as a burn-in period). We use the modified Harmonic mean estimator of Geweke (1999) to obtain the log marginal density.
Sticky Non-Separable reports the posterior means and the associated 90% credible interval for our benchmark specification, where sticky wages and non-separable preferences are incorporated together with the nondurable habit and durable investment adjustment costs.
The posterior mean of 1/σ is 2.2788, and thus, the implied intertemporal elasticity of substitution is 0.44. The associated 90% probability interval ranges from 2.0361 to 2.6052. We can see that the separable preferences (i.e., σ → 1) are clearly outside the 90% probability interval. This is in line with Basu and Kimball (2002) , Guerron-Quintana (2008) , and Kim and Katayama (2013) , which support non-separable preferences.
The posterior mean of the elasticity of substitution between non-durable and durable consumption (ρ) is 1.1748, suggesting that they are substitutes. This is in line with the earlier findings of Ogaki and Reinhart (1998) , Piazzesi, Schneider, and Tuzel (2007) , and Kim and Katayama (2013) .
The posterior mean of the habit parameter (γ) is 0.8111 with the 90% credible set ranging from 0.7945 to 0.8281. This estimate appears to be higher than those found in other studies (e.g., Smets and Wouters, 2007; Iacoviello and Neri, 2010) .
The posterior mean of the durable investment cost parameter (ψ) under the baseline specification is 4.2619 and the 90% probability interval ranges from 3.4010 to 5.0241. This is in line with the estimate of Smets and Wouters (2007) . However, it might be the case that the data are not particularly informative about the adjustment cost parameter in this specification. The posterior means for the monetary policy coefficients are similar to that in earlier studies (e.g.,
Guerron-Quintana and Nason, 2012). It is notable that the weight on the output gap (ρ Y ) is estimated to be very small. In fact, the lower bound of the 90% credible set contains zero.
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The posterior distributions suggest that the persistence of the aggregate TFP shock (ρ A ) and that of the durable sector-specific technology shock (ρ A x ) are very high. The posterior mean of ρ A is 0.9972, and that of ρ A x is 0.9568. The discount factor and risk premium shocks appear to be less persistent than other shocks.
The posterior mean of the persistence parameter of the discount factor shock (ρ b ) is 0.3619, while that of the risk premium shock (ρ r ) is 0.6369. The non-durable and durable price markup shocks and the wage markup shocks are highly persistent.
The last three columns of Table 2 present the posterior distributions under different specifications.
The column labeled Sticky Separable corresponds to the specification where preferences are separable (i.e., σ → 1). The column labeled Flexible Non-separable presents the posterior distribution under the assumption that nominal wages are flexible (i.e., φ w = 0). The column labeled Flexible Separable represents the setting where σ → 1 and φ w = 0. Overall, the patterns in the posterior means are similar under the different specifications. However, it is worth emphasizing some differences and similarities.
First, the habit parameter is estimated to be lower with non-separable preferences. With nominal wage rigidity, the posterior mean of γ is 0.8111 and 0.8666 with non-separable and separable preferences, respectively. Without nominal wage rigidity, this γ is estimated to be 0.6172 with non-separable preferences and 0.7503 with separable preferences. In this case, the 90% probability intervals do not overlap at all.
This pattern is consistent with the finding of Guerron-Quintana (2008), who reports that non-separable preferences reduce the habit persistence parameter in a standard one-sector New Keynesian model using a minimum distance estimator. In addition, the introduction of nominal wage rigidity increases the posterior mean of the habit persistence parameter, irrespective of preferences. When sticky wages are introduced in the estimation, the posterior mean of γ increases from 0.6172 to 0.8111 for non-separable preferences and from 0.7503 to 0.8666 for separable preferences.
Second, when non-separability is turned off, the posterior mean of φ w increases from 89.2936 to 96.7479.
This difference seems to be significant. In fact, the 90% probability intervals under Sticky Non-separable and Sticky Separable do not overlap. Similarly, when wage stickiness is shut down, the posterior mean of 1/σ changes from 2.2788 to 2.7288. In the case of 1/σ, the 90% probability intervals are somewhat wider and are somewhat overlapping. As discussed in Kim and Katayama (2013) , wage stickiness and non-separability are two important elements in terms of comovement between non-durable and durable spending. If one is turned off, in some sense, the other has to work more in order to account for the comovement in the data.
This suggests that it is important to include both sticky wages and non-separable preferences.
Third, under flexible wages, the adjustment cost parameter for durable investment (ψ) becomes smaller than the one under sticky wages. As with the habit persistent parameter, a similar pattern emerges for the investment adjustment cost parameter. Non-separable preferences result in a lower value of the posterior mean of ψ. Guerron-Quintana (2008) reports a similar pattern: in the presence of habits, non-separable preferences result in a lower estimate for the investment adjustment cost parameter.
Fourth, the persistence of the durable-specific technology shock, the risk premium shock, and the MA parameter of the wage markup shock become smaller when wage stickiness is turned off, and the persistence of the discount factor shock becomes much higher.
Lastly, the posterior means of the partial indexation parameter remain very close to zero regardless of the specifications. This is similar to the finding of Guerron-Quintana and Nason (2012). Likewise, the monetary policy coefficient on the output gap (ρ Y ) stays near zero. When we have flexible wages and separable preferences, the lower bound of the 90% probability interval does not contain zero. The estimate of ρ Y might be affected by different specifications in preferences or wage stickiness.
By comparing the log marginal densities, we can conclude that our baseline specification with sticky wages and non-separable preferences is decisively supported by the data. The data decisively support sticky wages regardless of the preference specifications among different specifications. The difference between non-separable and separable preferences under flexible wages is almost undistinguishable. However, once sticky wages are introduced, it appears that non-separable preferences become more important. This suggests that there is synergy between wage stickiness and non-separable preferences.
To illustrate the dynamic behavior of the model under our baseline specification (i.e., sticky wages plus non-separable preferences), Figure 1 shows the impulse responses to a one-standard-deviation contractionary monetary shock. 4 Several things are worth mentioning here. First, even though our model is built on Barsky, House, and Kimball (2007) , where the comovement puzzle arises, non-separable preferences and sticky wages jointly resolve the comovement problem, as discussed in Kim and Katayama (2013) . Second, our estimated model exhibits a pronounced delay in the peak response of non-durable and durable production to the monetary shock. We will return to this issue in Section 3.4. Third, we cannot observe the hump-shaped dynamics in non-durable inflation, because the estimated degree of partial indexation is very small. As a result, the aggregate inflation rate shows monotonic responses to the monetary shock.
Even though the partial indexation is supposed to help generate the hump-shaped response of inflation, the data do not support this mechanism in our setup. Thus, this suggests that we may need an alternative explanation for the sluggish response of inflation.
To illustrate the nature of different specifications, Table 3 presents the posterior second moments under different specifications. The top panel of Table 3 compares the standard deviations in the data with those in the estimated models. In general, these estimated models do a reasonably good job of accounting for the observed volatility in the data. However, there are some problems. These models imply too much volatility in the durable inflation rate. Such a tendency is more pronounced if we have flexible wages. In addition, non-separable preferences tend to reduce the volatility of hours. This results in too smooth hours worked compared with the data. This is due to the complementarity between hours and consumption with habit.
The bottom panel of Table 3 summarizes the autocorrelations in the data and in the estimated models.
In general, the estimated models have reasonable performance in terms of autocorrelations compared with the data. There are, however, certain dimensions that these models fail to replicate. These models cannot generate the significant persistence in durable price inflation that we observe in the data. While introducing sticky wages helps increase the persistence of non-durable price inflation and the interest rate, it induces too much persistence in durable spending growth and real wage growth.
This may be a slightly disappointing result in the sense that we need non-separable preferences and sticky wages in order to generate the empirically realistic hump-shaped response in non-durable and durable spending. However, sticky wages bring undesirably strong persistence, especially in real wage growth.
This suggests that we need an alternative mechanism to obtain a delayed response from non-durable and durable spending instead of relying on sticky wages. Table 4 summarizes the posterior variance decomposition results under different specifications. For our baseline specification, the aggregate TFP shock, monetary shock, wage markup shock, and non-durable 20 price markup shock play important roles in explaining variations in the data. However, the importance of the durable-specific TFP shock, risk premium shock, and durable price markup shock are somewhat limited.
There are not many differences in the variance decomposition results between non-separable and separable preferences. When there are sticky wages, the only significant difference is that the role of the wage markup shock in explaining variations in log hours becomes more important once preferences are separable.
When wages are flexible, the difference in preferences affects the role of the discount factor shock and the risk premium shock.
The difference in wage stickiness changes the nature of the variance decomposition. Once wages become flexible, the importance of the aggregate TFP shock and the monetary policy shock becomes smaller, and the risk premium shock and wage markup shock play more important roles in explaining variations in the data.
Inspecting the Source of the Hump-shaped Response
This section illustrates the role played by the features of our two-sector New Keynesian model with flexibly priced durable goods (i.e., habit formation, investment adjustment costs, sticky wages, and non-separable preferences) in generating the hump-shaped responses of non-durable and durable spending to a monetary shock. Figure 2 presents the impulse response functions to a one-unit contractionary monetary shock under the four different specifications of our model. Each impulse response function is drawn using the posterior means of the parameters presented in Table 2 .
The model with only habit formation and adjustment costs
It is instructive to consider the version of our model that only features habit formation and investment adjustment costs first. The solid gray line labeled "Flexible Separable" in Figure 2 plots the responses of this model to a one-unit contractionary monetary shock.
Interestingly, while non-durable consumption exhibits an inverted hump-shaped response, its peak response is delayed by only one quarter after the shock. In contrast, empirical studies typically find sluggish responses of non-durable spending and its maximal response arises several quarters after the monetary shock in identified VAR models (see, e.g., Monacelli, 2009 ).
In this case, the response of durable spending is even more problematic. Durable spending shows the "wrong" kind of hump-shaped response to the contractionary monetary shock: it gradually increases after the monetary contraction. This perverse response of durable spending is related to the comovement problem raised by Barsky, House, and Kimball (2007) . When non-durable goods prices are sticky and durable goods prices are flexible, the relative price of durable goods decreases after the contractionary monetary shock. As Barsky, House, and Kimball (2007) emphasize, the shadow values of the durable goods 22 are almost unaffected by the monetary contraction, and therefore, households do not have to care about smoothing out purchases of durable goods when the relative price of durable goods temporarily decreases.
Hence, the temporary drop in the relative price of durable goods causes a large shift to durable goods spending. Certainly, durable investment adjustment costs serve to moderate this intertemporal substitution effect, and thus, they generate the counterfactual hump-shaped increase in durable spending.
In a two-sector sticky price model with flexibly priced durable goods, therefore, habit formation and investment adjustment costs are not sufficient to successfully match the delayed responses of non-durable and durable spending documented in the identified VAR studies.
Adding non-separability
We now examine the consequences of incorporating non-separable preferences together with habit formation and investment adjustment costs in the estimation. The dashed line labeled "Flexible Non-Separable" in Figure 2 depicts the responses of the model to the monetary shock under this specification.
Several noticeable differences emerge because of non-separable preferences. First, as we mentioned, the estimated habit persistence parameter declined from 0.7503 to 0.6172 with non-separable preferences (Table 2) . Even with lower habit persistence, the model is still capable of generating a one quarter delay in the peak response of non-durable spending. To understand the difference induced by non-separable preferences, we note that non-separability implies complementarity between consumption and labor. With this interaction between consumption and labor, the growth of the marginal utility of non-durable consumption depends not only on the growth rate of non-durable consumption, but also on the growth rate of the labor supply. Thus, as Guerron-Quintana (2008) demonstrates, the complementarity dampens the dependence of the growth rate of non-durable consumption on the real interest rate. This implies that a hump-shaped non-durable spending response becomes more compatible with the higher real interest rate induced by the contractionary monetary shock, even with a lower degree of habit formation. Put differently, despite a lower degree of habit persistence, non-separable preferences serve to generate a more pronounced inverted hump-shaped non-durable consumption response to the contractionary monetary shock, which can be seen in Figure 2 .
Second, durable spending decreases on impact after the contractionary monetary shock, and hence, the comovement problem becomes less severe. As we have shown in our previous paper (Kim and Katayama, 2013) , the complementarity between consumption and labor mitigates the reduction in the relative price of durable goods after the monetary contraction. If the complementarity is strong enough, durable spending might decrease. In this case, non-separable preferences resolve the comovement problem, at least for the impact period. 
Adding sticky wages
The inclusion of sticky wages also significantly changes the estimated responses of the model to the monetary shock. The solid line with markers in Figure 2 labeled "Sticky Separable" shows the estimated responses when nominal wage rigidity is additionally included with habit formation and adjustment costs with separable preferences. Most notably, when investment adjustment costs meet sticky wages, durable spending now exhibits an inverted hump-shaped response to the contractionary monetary shock in the two-sector New Keynesian model with flexibly priced durable goods. Compared to the previous two cases, sticky wages substantially mitigate the drop in the relative price of durable goods, which enables durable spending to decrease. Because of investment adjustment costs, durable spending gradually decreases rather than undergoing an immediate reduction on the impact period. Therefore, investment adjustment costs need sticky wages in order to produce an inverted hump-shaped durable spending response to the monetary shock in the two-sector New Keynesian model.
To some extent, sticky wages also improve the dynamic behavior of non-durable consumption. Its peak response is delayed one more quarter, and it becomes more persistent compared to the previous two cases.
However, this improvement might be due to the fact that the habit persistence is estimated to be much higher with sticky wages. As shown in Table 2 , the posterior mean of habit persistence is 0.8666 when sticky wages are estimated together with habit formation and durable investment adjustment costs. This value is much larger than the ones obtained in the previous cases (0.7503 and 0.6172, respectively). Despite a high degree of habit persistence, the fact that non-durable spending does not demonstrate a significant delay in its peak response implies that habit formation and sticky wages are not sufficient for the two-sector New Keynesian model to match the dynamics of non-durable consumption to a monetary shock.
Adding non-separability and sticky wages together
Finally, the solid blue (dark) line in Figure 2 depicts the responses of the model to the contractionary shock when both non-separable preferences and sticky wages are included together with habit formation and investment adjustment costs. Combining non-separable preferences and sticky wages significantly improves the model's ability to match the dynamic response of non-durable spending reported in the VAR studies: nondurable consumption now reaches its maximal response three quarters after the monetary shock. More interestingly, when sticky wages meet non-separable preferences, an even lower degree of habit persistence yields additional delay in the peak response compared to the case where sticky wages alone are introduced. As shown in Table 2 , the posterior mean of the habit persistence parameter decreases from 0.8666 to 0.8111 by introducing non-separable preferences to sticky wages.
It is straightforward to understand why introducing sticky wages and non-separable preferences, which are mutually reinforcing, together generates a significant inverted hump-shaped non-durable consumption response. When sticky wages induce a more sluggish labor response, the complementarity between consumption and labor implied by non-separable preferences leads to a further delay in the peak response of non-durable spending, even with a lower degree of habit persistence. In addition to habit formation, therefore, non-separable preferences and sticky wages should be considered important factors for generating a significant inverted hump-shaped response of non-durable spending to a monetary shock in the two-sector New Keynesian model.
The introduction of non-separable preferences to sticky wages does not significantly change the dynamic behavior of durable spending. Compared to the case where sticky wages alone are considered, adding nonseparable preferences to sticky wages yields a slightly larger response of durable spending, but it does not alter the general shape of the response. However, this does not imply that non-separable preferences are irrelevant to the response of durable spending when nominal wages are sticky. Even though the introduction of non-separable preferences to sticky wages lowers the posterior mean of the adjustment parameter (ψ) from 4.5726 to 4.2619, as shown in Table 2 , durable spending demonstrates a similar response. This result is related to the fact that non-separable preferences yield a lower posterior mean of habit persistence.
As Guerron-Quintana (2008) explains, a low value of habit persistence gives households more flexibility to adjust consumption, which, in turn, implies less pressure on the initial response of durable spending following a monetary expansion. Consequently, a smaller adjustment cost is required to mimic similar durable spending dynamics.
Conclusion
This paper investigated the nature of the gradual response of the economy to monetary shocks. In particular,
we took the simple two-sector New Keynesian model of Barsky, House, and Kimball (2007) Furthermore, the data decisively support both non-separable preferences and sticky wages.
There are several things that our model cannot explain and are thus left for our future research. First, in our setup, we cannot find strong support for the price indexation. As a result, we cannot account for the hump-shaped response of inflation to a monetary shock. Second, even though sticky wages are important for the dynamic responses of model variables, wage stickiness has an unfavorable effect on the autocorrelation property of real wage growth in the data. That is, the real wage growth has too much persistence if we include sticky wages. These two issues suggest that we need alternative mechanisms that can be supported by the data. 
